Objective: This case report presents the diagnosis and short-and long-term treatment results of an orthodontically and surgically treated patient with condylar hyperplasia. Materials and Methods: Condylar hyperplasia was diagnosed in an 18-year-old patient. In the clinical and radiologic examination, asymmetrical face, overdevelopment of the head and lengthening of the neck of the right condyle, deviation of the menton to the opposite side, temporomandibular joint pain, occlusal canting, slight open bite in the affected side, and an impacted upper right premolar were detected. Technetium-99 radioisotope scanning was made in 6-month intervals, and surgery was planned and performed. Changes were measured on the cephalograms taken at the beginning of orthodontic treatment, before and after surgery, at the end of fixed treatment, and in 4 years 6 months follow-up period. Results: Skeletal and dental Class I relationship was established and the profile improved. Slight increase of the vertical dimension was observed in the finishing and follow-up cephalograms. Conclusion: In order to decide the appropriate time for surgery for condylar hyperplasia patients in which osteoblastic activity continues, isotope-scanning examination is a must. Short-term results achieved with the orthodontic and surgical treatment were satisfactory and were maintained in the long term. (Turkish J Orthod 2013;26:103-113) 
INTRODUCTION
Condylar hyperplasia (CH) of the mandible is a rare condition that causes overdevelopment of the condylar head and leads to facial asymmetry, deviation of the skeletal menton to the unaffected side, malocclusion, pain, and articular dysfunction. Prominent features include an enlarged mandibular condyle, outward bowing, and downward growth of the body and ramus of the mandible on the affected side, causing fullness of the face on that side and flattening of the face on the contralateral side. 1 Condylar hyperplasia was first described by Adams 2 in 1836 as a complication of rheumatic arthritis. The cause is unknown, but circulatory problems, endocrine disturbances, trauma, inflammation, and intrauterine influences (incorrect uterine position causing squeezing of the mandible) can be the possible etiologic factors. [3] [4] [5] Epidemiologically, the incidence between men and women seems similar. CH manifests itself in patients with ages ranging from 11-30 years, showing no predilection for the left or right side. [6] [7] [8] Differential diagnosis includes hemifacial hypertrophy (enlargement of all soft and hard tissues on one side), unilateral macrognathia (includes condyle, ramus, and ends at the midline), laterognathia, chondroma, and osteochondroma. Conditions that initiate after the age of 20 are most often related to some type of proliferative pathology. Anamnesis, previous medical and dental history, clinical and radiologic examination, and bone scintigraphy are important tools for correct diagnosis. The radioactive isotope in scintigraphy is technetium-99 methylene bisphosphonate. Increased radionuclide uptake by the hyperplastic condyle can be an indication of continued abnormal growth. It has been reported that a difference in uptake of 55% : 45% or more between the affected and healthy condyles can be indicative of CH because the affected condyles had a relative uptake of 55% or more. 9 Treatment depends on the degree of severity and the status of condylar growth. Different surgical options have been proposed such as high condylectomy, orthognathic surgery, or both. There is also controversy with respect to the time of surgery, either performing the surgeries as soon as possible or waiting for cessation of growth.
In this case report, the combined surgical treatment of a patient with severe facial asymmetry secondary to CH and 4-year follow-up is presented.
Diagnosis and Etiology
An 18-year-old girl was referred to our department complaining of facial asymmetry and temporomandibular joint (TMJ) pain. She had deviation of the skeletal menton to the left side, prognathic mandible, severe occlusal cant, and mild open bite on the right side. There was also concomitant soft tissue alteration: the right side labial commissure was lowered, with consequent inclination of the oral rim (Fig. 1) . Panoramic view revealed enlarged condylar head and elongated condylar neck on the right side with downward projection of the mandibular angle and compensatory changes in the maxilla and impacted upper right premolar (Fig.  2 ). Upper and lower dental midlines were shifted 8 mm and 10 mm to the left respectively, whereas skeletal menton was deviated 17 mm according to PA tracings (Fig. 3) . Even though the growth was completed and the radius fusion was detected on hand-wrist radiograph, the affected condyle continued to grow (Fig. 4) . Scintigraphy using technetium-99 methylene bisphosphonate was advocated as a method for distinguishing the growing condyle from nongrowing one. 7 Phosphates are metabolized by bone cells in 3 hours and are incorporated in the areas of new bone formation. 10 After 3 years and 4 months of isotope examination with 6-month intervals, growth of the condyle decelerated and the patient was ready for the surgery (Fig. 4) . 
Treatment Objectives
Our treatment objectives were to correct the occlusal canting, slight open bite, upper and lower midlines, overjet-overbite, asymmetry, and deviation of the menton and to erupt the impacted upper right premolar.
Treatment Alternatives
The traditional surgical methods, which have consisted primarily of orthognathic surgery for correction of the asymmetry when further growth is not anticipated, can be used as an alternative treatment plan to the combined surgery.
Treatment Progress
While waiting for the surgery, the impacted premolar on the right side was erupted and whole upper and lower teeth were aligned. The upper midline shifting was not corrected by orthodontics since it was an axial shift due to the skeletal cant (Fig. 5) . The lower dental and skeletal midlines were not coinciding with each other in the beginning. The lower dental shifting was corrected with the rotation during surgery. On the other hand, the skeletal shifting was improved with a genioplasty. The casts were mounted on a semi-adjustable articulator for model surgery, and also a stereolithographic (SL) model was made to assist in the planning of the orthognathic surgery (Fig. 6) . The surgery plan included 6-mm impaction of the right side of the maxilla without any sagittal movement, bilateral sagittal split osteotomies for rotating the mandible 10 mm and setting it back, and high condylectomy. Since the height of the mandibular body was greatly increased, facial symmetry was further improved by reducing the right inferior border of corpus. The surgical splints were obtained from plaster models on articulators, and afterwards the surgical trial was done on the SL models. The reason for preparing SL models was to decide the amount of bone to be removed from the condylar head and from the inferior border of the corpus. During surgery, unilateral impaction of the right side of the maxilla was performed for elimination of severe maxillary cant as a result of compensation. High condylectomy was performed through preauricular approach and 15 mm of the condylar head was removed; the articular disc repositioning was performed without anchor placement. Great care was taken not to injure the surrounding anatomic structures.
The patient underwent clinical and radiographic examination at the following intervals: initial consultation (T1), immediately presurgical (T2), immediately postsurgical (T3), final (T4), and 4 years followup (T5) (Figs. 1 through 3 , 5, and 7 through 9). The patient had some additional surgeries in the following 2 years after the initial surgery for accomplishing the symmetry of the chin and soft tissue. The residual 7 mm of shifting of the skeletal menton was corrected by the genioplasty, and she had liposuction on the right side cheek for further proportioning of the soft tissues.
RESULTS
Lateral cephalograms at T1, T2, T3, T4, and T5 were traced and superimposed to calculate presurgical change (T2-T1), surgical change (T3-T2), and long-term stability (T5-T4) (Fig. 10) . The lateral cephalometric radiographs were assessed for (1) vertical measurements, (2) sagittal measurements, (3) dental measurements, and (4) soft tissue measurements (Table 1) .
She had a decrease of 88 in the Frankfort horizontal-mandibular plane angle from T1 to T3 and no change from T3 to T5. She also had decrease of 78 in the GoMe-SN angle from T1 to T3 and 28 from T3 to T5, which proves the longterm stability in the vertical plane. The ACB/corpus length changed from T3 to T5, which can be explained by change of the position of menton after the additional genioplasty. Lower incisor inclination, which was increased for decompensation before surgery, decreased in the follow-up period (Table 1) .
Five years after the surgery and 4 years after the fixed treatment, there has been no recurrence, no TMJ pain, no constriction of the opening of the mouth, and the patient has a good occlusion and facial esthetics. The panoramic radiograph shows readaptation of the right condyle to the fossa (Fig. 2) .
DISCUSSION
Accurate diagnosis is the utmost important part of the treatment of CH. Anamnesis, clinical and radiologic examination, and three-dimensional (3D) models and bone scintigraphy are essential for the evaluation and assistance in the surgery planning of the cases. It is difficult to predict the time when abnormal condylar growth began. To determine this, previous photographs of the patients are necessary (Fig. 11) . It also should be kept in mind that, even though scintigraphy is highly sensitive, it is nonspecific and does not always correlate with the active growth. It can have a false positive result due to the inflammations, healing after traumatic injuries, displaced articular disc, and neoplastic lesions. Handwrist films are also nonspecific since the mandible and especially the condyle can continue to grow beyond the normal years of growth.
The objectives of presurgical orthodontics are to ascertain the type and extent of the surgery to be performed, so that teeth can be surgically aligned and dental midlines end up matching with the facial midlines. 11 In our case, we paid attention to the fact that after the unilateral impaction of the right side of the maxilla, upper dental midline would be selfcorrected, so we did not try to change it during the presurgical orthodontic treatment.
Traditionally, the surgical methods used have consisted primarily of orthognathic surgery for correction of the asymmetry when further growth is not anticipated. However, it has been emphasized that performing orthognathic surgery only on patients with coexisting TMJ pathology can lead to relapse, jaw and facial deformities, pain, headaches, myofascial pain, and masticatory dysfunction. 12 Some authors perform a bimaxillary operation including resection of the involved condyle in the same procedure for actively growing patients. Wolford et al. 13 proposed orthognathic surgery and simultaneous high condylectomy to correct the asymmetry. It is expected that the removal of the condyle will arrest the excessive growth of the mandible, with only normal appositional growth remaining at pogonion. High condylectomy (removal of 4 to 5 mm of the condyle) instead of condylar shaving (removal of 2 to 3 mm of the condyle) is the preferred method since the presence of cartilage islands in the cancellous bone shows that the pathology is not limited to the cartilage surface. Therefore, not only the cartilage surface but also the subchondral bone should be removed in order to eliminate the growth center.
14 For our patient, a combined surgical plan was chosen even though the rate of growth decelerated, because she had swelling and pain on the preauricular region that would make it impossible to achieve esthetics and function without removing the excess condylar mass. And later, the latent or continuous hyperplas- tic growth of the affected condyle can manifest itself with asymmetry again.
Biomodels generated by SL have been confirmed to have a higher accuracy compared with milled models and 3D computed tomography visual models. 15, 16 When plastic models are used, surgical simulation can be performed using actual surgical instruments. Such models are also much more convenient for explaining the surgical plan to the patient to obtain informed consent. The amount of bone to be removed can be determined by measurements obtained before surgery, and if needed an appropriate resin stent can be produced easily.
The main disadvantages of stereo-modeling techniques are the manufacturing time and cost. The simulation of surgery on SL models made it easier for both orthodontist and surgeon to visualize the amount of resection and rotation. However, in our case we obtained the surgical splints from conventional plaster model surgery done on articulators and afterwards made a surgical trial using splint on the SL models. Li et al. 17 investigated the TMJ function of the condylar hyperplasia patients after condylectomy and detected dramatic improvement in facial asymmetry and TMJ function. Our patient also benefitted from the surgeries. She reported relief of pain in the TMJ region, improvement in the amount of mouth opening, and psychologic relaxation due to the improvement of the asymmetry. At the time of debonding, generalized white spot lesions and demineralization were seen. The patient refused to have any kind of treatment related with this problem (Fig. 7) . As it was seen in the intraoral recall pictures, remineralization occurred spontaneously (Fig. 8) .
CONCLUSION
Appropriate treatment of CH must take into account the patient's age, the rate of deformity, whether or not active growth is present, the severity of asymmetry, and if there are functional constraints or not. Afterwards, one of the surgical options among high condylectomy, orthognathic surgery alone, or combination surgeries can be chosen.
The present patient showed the establishment and maintenance of the facial balance together with the occlusal stability. The long-term results prove that the combination of high condylectomy and orthognathic surgery in the treatment of CH patients arrests the excessive growth, and the results are stable in the follow-up period.
